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VVCKMCKM=
VudVud VusVus VubVub

VcdVcd VcsVcs VcbVcb

VtdVtd VtsVts VtbVtb

B and charm semileptonic decays are tree level processes

New Physics contributions can only be seen:

→→→→ in semileptonic decays involving ττττ leptons: coupling ~ mbmττττ tanββββ2

involving CKM matrix elements:

0.0406(13)

0.00389(44)

1.023(36)0.230(11)

PDG10
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→→→→ by comparing CKM matrix elements in leptonic and semileptonic decays

Note:  Must control (by measuring) QCD effects (form factors)

→→→→→→→→ BB→→→→→→→→ DD((∗∗∗∗∗∗∗∗))τντντντντντντντν

→→→→→→→→ VVubub:  Inclusive  B:  Inclusive  B→→→→→→→→ XXuullllllllνννννννν , exclusive , exclusive BB→→→→→→→→ ππππππππllllllllνννννννν

→→→→→→→→ CharmCharm semileptonicsemileptonic decaysdecays



• Sensitive to charged-Higgs effects

• Involve form factors which can be measured in B→→→→D(*)e/µνµνµνµν decays

• Observables: R(D) and R(D*) ratios
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SM predictions:

R(D) = 0.31 ±±±± 0.02

R(D*) = 0.25 ±±±± 0.02 

[Nierste, Trine, Westhoff

PRD78 (08) 015066]

- can be enhanced by the charged-Higgs (tanββββ/mH )

- several syst. and theo. uncertainties cancel out



• Complete BaBar data sample: 426 fb-1

• Improved efficiencies (lepton and Btag)

• Btag fully reconstructed into hadrons

• Bsig: D(*) and lepton (µµµµ, e)

Analysis procedure:

- 4 signal samples: (D0, D+, D*0, D*+)llllνννν
(to extract B→→→→D(*)τντντντν) 

τ→µντ→µντ→µντ→µνµµµµννννττττ

τ→τ→τ→τ→eννννeννννττττ
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• 2D unbinned ML fit mmiss
2-p*

llll
(3x4 par.) 

Yields for:

mmiss
2 = (pe+e- -pBtag-pD(*)-pllll

)2

B →→→→(D0, D+, D*0, D*+)τντντντν
B →→→→(D0, D+, D*0, D*+)llllνννν
B →→→→(D0, D+, D*0, D*+)ππππ0llllνννν

(to extract B→→→→D(*)τντντντν) 

- 4 control samples: (D0, D+, D*0, D*+)ππππ0llllνννν
(to derive D**llllνννν bkg)

R(D) and R(D*)



(isospin)

(isospin)

Fit results (preliminary):
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→large signal significance (> 5σσσσ) 

for all channels

Systematics (preliminary):

- Selection cuts: ~6%(D*),~9%(D)

- D** fitted in D(*)ππππ0llllνννν samples: 
~4%(D*), ~5%(D)



Results (preliminary):

R(D) = 0.456 ±±±± 0.053 ±±±± 0.056

R(D*)= 0.325 ±±±± 0.023 ±±±± 0.027

1.8σσσσ larger than SM prediction
→→→→ favors large tanββββ

SM predictions:

R(D) = 0.31 ±±±± 0.02

R(D*) = 0.25 ±±±± 0.02 

SM
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→→→→ favors large tanββββ

Comparison with previous results:
(w/o 2011) (w/o 2011)



• Charmless semileptonic decays allow us to

measure VVubub

→→→→ key for the CKM picture: defines the

upper UT vertex

BB→→→→→→→→XXllllllllνννννννν = = BB→→→→→→→→XXccllllllllνννννννν + + BB→→→→→→→→XXuullllllllνννννννν ((5050 : : 11) ) • Challenge: suppress charm background

BB→→→→→→→→XXllllllllνννννννν BB→→→→→→→→XXuullllllllνννννννν
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• Two different experimental methods:

- Inclusive: reconstruct the lepton

- Exclusive: reconstruct the lepton and the final meson (ππππ,ρρρρ,ωωωω…)



•••• Inclusive vs exclusive:

- Inclusive: →→→→ Larger statistics, but a lot of charm background

→→→→ Use kinematic variables to suppress as much as 

possible b → c :  E
llll
, q2, MX and P+ = EX -|pX|

→→→→ Need shape function from QCD 

- Exclusive: 

→→→→ Smaller statistics but better background rejection

→→→→ Need form factors from QCD

Inclusive |V | ≠ Exclusive |V |
SM•

[Buras, Gemmler, Isidori, 
arXiv:1007.1993], 

Inclusive |Vub| ≠ Exclusive |Vub|

~2σσσσ difference since many years ago

and Vub from B →→→→τντντντν larger than for B →→→→ππππllllνννν

New Physics contribution? 
(RH currents modification)

→→→→→→→→ NeedNeed toto havehave precise |precise |VVubub| | measurementsmeasurements
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SM



• Complete BaBar data sample: 426 fb-1

Analysis procedure:

• Btag fully reconstructed hadronically (εεεε ~0.3-0.5%)

• A lepton (µµµµ or e) from the Bsig

• νννν estimated from missing energy and momentum

• Bkg supression: 

• Xu from all remaining tracks and neutral clusters

ππππ+

ππππ-
D0

ππππ-
K+

Xu

B0
B0

ΥΥΥΥ(4S)

Signal side

Tag  side
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• Bkg supression: 

- Combinatorial substracted from mES

- Charm: B →→→→ D*llllνννν partial reconstructed, kaon veto,

only 1 lepton p
llll
* > 1 GeV

• Several PS regions: Mx < 1.55 GeV, Mx <1.7 GeV

p
llll
> 1.0 GeV, p

llll
> 1.3 GeV

P+ < 0.66 GeV

q2 > 8 GeV2

• 2D fit for ∆∆∆∆B(B→→→→Xullllνννν)/B(B→→→→Xllllνννν ) in q2-Mx

Btag + lepton

Combinatorial bkg



Fit results:

V extraction:

• Most precise result : 2D fit q2-Mx 

for p
llll
* > 1 GeV

• Fit for B→→→→Xcllllνννν bkg and B→→→→Xullllνννν
signal yields

B→→→→ Xullllνννν
1441 ±±±± 102

data

Xullllνννν

Xcllllνννν

B→→→→ Xullllνννν B→→→→ Xullllνννν

[to be submitted to PRD]
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Vub extraction:

[Bosch et al. , PRD 72 (05) 073006]

[Andersen et al. , JHEP 0601 (06) 097]

[Gambino et al., JHEP 0710 (07) 058] 

[Aglietti et al., EPJ. C 59 (09) 831]

|Vub|= (4.31±±±± 0.25exp ±±±± 0.16theo )10-3

Average:



= π= π= π= π, η, η, η, η, η, η, η, η’, ρ, ω, ρ, ω, ρ, ω, ρ, ω

• The exclusive B semileptonic decay rate is described as function of form factors:
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QCD calculations:

Lattice data



• BaBar data samples: 423 fb-1 , 349 fb-1 

Analyses procedure:

• Untagged analyses (high stat., more bkg.), e + µµµµ

• Loose νννν reconstruction from full event (pνννν = pbeams - ΣΣΣΣpi)

• 2D or 3D fit ∆∆∆∆E = (PBPbeams-– s /2)/√√√√2 , 

m = [(s/2 + p p )2 /E2 - p2 ]½

PRD 83 (2011) 052011

PRD 83 (2011) 032007

• Background suppression by cuts or NN
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B beams-

mES = [(s/2 + pBpbeams- )2 /E2
beams  - p2

B]½

q2 = (p
llll

+ pνννν)2 = (pB- pππππ)2

• q2 in 12 or 6 bins

to extract the signal yield



BaBar combined result:

BaBar Fit to BGL

• Small event overlap of B0→π→π→π→π-llllνννν (<1%)
• Uncorrelated statistical uncertainties

• Highly correlated systematics

SUSY 2011 SUSY 2011 A. Oyanguren 13

(fits from J.Dingfelder and V. Luth)

BaBar fit to BGL including

Lattice data points

(∆∆∆∆B :  LCSR  q2 < 12GeV2,

LQCD q2 > 16GeV2) 

LCSR Lattice



Summary of Vub measurements:

• Exclusive: (V. Luth, J. Dingfelder)

|Vub| = (3.19 ± 0.14 ± 0.27) x10-3
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• Inclusive: |Vub| = (4.34 ± 0.13 ± 0.15) x 10-3
(V. Luth, [NS61CH06-Luth])



• Charm semileptonic decays allow to measure form factors in the charm sector,         

validating LQCD methods

→→→→ increase theory precision involving B decays

→→→→ trust LQCD calculations ensuring possible New Physics signs

Example: the

leptonic constant fDs:
fDs puzzle:

exp ≠≠≠≠ theo→→→→ contribution
from a charged Higgs?

>3σ !?!
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• Several charm semileptonic channels have been studied at BaBar:

D→→→→Keνννν [PRD 76, 052005 (2007)]
Ds→→→→KKeνννν [PRD 78, 051101(R) (2008)]   
D+→→→→Kππππeνννν [PRD 83, 072001 (2011)] 
D→π→π→π→πeνννν soon

Kronfeld plot, N. Simone: FERMILAB-CONF-10-594-T

r2=A2(0)/A1(0)
rv=V(0)/A1(0)

fK
+(q

2)
A1(q

2), A2(q
2), V(q2)

A1(q
2), A2(q

2), V(q2)
fππππ

+(q
2) 
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Analysis procedure:

• Partial reconstruction method; e+e- →→→→ cc; only electrons

• D* tag in case of D→→→→Keνννν, no tag for Ds or D+ decays

• Compute the D(s) direction from all tracks ≠≠≠≠ signal tracks

• q2 and angular distributions: kinematic fit with signal
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• q2 and angular distributions: kinematic fit with signal

tracks momenta and missing energy information

• Background suppression using event shape and 

topological variables

• Background control, test of the analysis

technique and the normalization are obtained

from hadronic data samples (ex: D→→→→Kππππ, D→→→→ Kππππππππ)



• Quite precise form factor measurements from BaBar→→→→ need LQCD improvements

DDss→φ→φ→φ→φ→φ→φ→φ→φeeν ν ν ν ν ν ν ν DDss→φ→φ→φ→φ→φ→φ→φ→φeeν ν ν ν ν ν ν ν 
DD00→→→→→→→→KK--ee++ν ν ν ν ν ν ν ν 

214 fb-1

75 fb-1

BaBar

BaBar BaBar
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DDss→φ→φ→φ→φ→φ→φ→φ→φeeν ν ν ν ν ν ν ν DDss→φ→φ→φ→φ→φ→φ→φ→φeeν ν ν ν ν ν ν ν 
DD00→→→→→→→→KK--ee++ν ν ν ν ν ν ν ν 

DD++→→→→→→→→K*K*ee++νννννννν DD++→→→→→→→→K*K*ee++νννννννν
DD++→→→→→→→→K*K*ee++νννννννν

348 fb-1

BaBar
BaBar

BaBar

r2=A2(0)/A1(0) rv=V(0)/A1(0)

E
x
p
e
ri
m

e
n
ts



• B →→→→ D(*)τντντντν

• Vub

Improved measurements at BaBar

B→→→→D0τντντντν and B→→→→D+τντντντν more than 5σσσσ significance
R(D(*)) exceed by 1.8 σσσσ the SM values→→→→favors large tanββββ

|Vub| excl. = (3.19 ± 0.14 ± 0.27) x 10-3

|Vub| incl. = (4.34 ± 0.13 ± 0.15) x 10-3
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• Charm Semileptonic form factors

Despite the experimental and theoretical efforts the discrepancy

between exclusive and inclusive measurements remains: 

what does it means? what don’t we understand? 

Quite precise results from BaBar for D→→→→Keνννν, Ds →φ→φ→φ→φeνννν, D →→→→K*eνννν,  

form factors allow to check QCD methods:  need LQCD improvements

|Vub| incl. = (4.34 ± 0.13 ± 0.15) x 10


